We adapted the sealed-reflux dissolution system (described in Los Alamos Scientific Laboratory report LA-5576) to dissolve up to 100 g of refractory materials. The simplified pressurized-acid system was enlarged to accommodate a greater volume of acid and refractory materials, The acid and sample materials are heated between 150 and 190°C at a pressure of 0.14-0.20 MPa (20-29 psi). We also describe a second system for dissolving up to 5 g of refractory materials at 150°C and a pressure of 0.6 MPa (80 psi).
In addition to the system for dissolving 100 g of plutonium oxide, a dissolution tube for 5-g samples is described.
II. LARGE SEALED-REFLUX TUBE APPARATUS AND REAGENTS
A shield should be positioned between the operator and equipment when operating this system. Pressure should not be released from the system until the temperature is <50°C. In case of accidental pressure release, a reservoir flask has been designed to collect the overflow of acid-sample mixture. Heating Block, Brass cylinder sealed with a brass plate on one end, wrapped with a heating tape and insulated. The brass cylinder measures 103 mm i.d., cut to a depth of 119 mm (Fig. 8) . equivalent, and a powerstat variac wired as one unit to provide temperature control. Laboratory Equipment. 500-mL graduated cylinder, beakers.
Thermocouple. Chromel-Alumel.
Magnetic Mixer.
Polyethylene Stoppers. Size 0 cut to 15 mm length with a size 0000 rubber stopper inserted. A size 9 with one hole in the middle, with a size 8 one-hole rubber stopper inserted into it Pressure Gauge. 0-100 psi, dial-type.
Pressure-Relief Valve. Teflon tube, 16 mm o.d. by 62 mm long, fitted with two 1-72 iron screws on either side of a hole to fit a size 0000 stopper, with an air-release hole in the side wall, and made to fit over and slide freely en a 12/2 semiball joint borosilicate glass tube. A lead weight fits over the Teflon tube. A size 0000 silicone rubber stopper is inserted into the Teflon tube. The stopper is clamped by a slotted 20-mm by 20-mm copper plate that fits over the stopper and slots into the screws. This entire valve assembly should weigh appioximately 181.2 g (Fig. 4) .
Reservoir Flask. A 1000-mL filtering flask with a 20 mm-long, male 12/3 semiball joint tube attached to the sidearm. The flask is then fitted with a size 9 one-hole polyethylene stopper containing a size 8 one-hole rubber stopper. Through the hole, a male 12/3 semiball joint tube. 150 mm long, is inserted (Fig. 6) .
Rubber Stoppers. A size 0000, cut to 15-mm length, and a size 8 one-hole: both inserted into polyethylene stoppers.
Semiball Joints. Various lengths and sizes to make connections in the system. Silicone Rubber Stopper. Size 0000.
Stir Bar. Magnetic, 52 mm long, fitted with a Teflon sleeve that is used as a pivot.
Teflon Stopper. Machined to the approximate size of a size 5 rubber stopper, threaded at 3/4 in. on the bottom center side (Fig. 5) . C. Grease all ball joints with vacuum grease and connect with No. 12 semiball joint clamps. Set pressure-relief valve in place, making certain it is vertical. When the system is completely connected, it should appear as in Fig. 9 . (Figure 9 shows an experimental glass baffle in place.) D. Raise the flow rate to 100 cmVmin from an argon supply for ~~2 rain; then adjust the flow rate tõ 20 cmVmin until a system pressure of 0.14-0.20 E. Once the system is pressurized, start the mixer, apply heat adjusted by the controller to maintain a temperature of 190°C. and continue constant mixing until the sample dissolves. The dissolution time should be determined according to the history of each plutonium oxide sample; normally. ~5 h is required.
F. Turn the heat off and let the apparatus cool to <50°C before taming argon off.
G. When cooled to <50°C. turn the argon off and release the pressure slowly by lifting the pressurerelief valve slightly; then lift off the pressure-relief valve and disconnect the system.
H. Quantitatively transfer the solution to a suitable container, mix well, and take the required aliquots for analysis.
IV. EXPERIMENTAL CONDITIONS
To determine optimum conditions for dissolution, acid mixtures were tried at various temperatures and conditions. The pressure in all tests was maintained between 0.14 and 0.20 MPa by the pressure-relief valve.
The large internal diameter of the neck <-f rhe dissolu tion vessel allowed easy circulation of gas bu! caused excessive cooling of the acid. Some experiments were done with a baffle (Fig. 5 ) to reduce this circulation and allow the dissolving acid mixture to reach a higher temperature for quicker dissolution.
Temperature changes were measured with and without a baffle to determine whether the temperature ot the acid solution could be increased. With the baffle in place, the temperature was higher than without it (Table I ). The baffle also controlled acid spillage during a simulated pressure loss with the acid at a high temperature.
Initially, the large sealed-reflux dissolution system was tried without mechanical mixing and the results o* repeated dissolutions showed that a considerable amount of undissolved sample remained. When the samples were continuously mixed during the entire 5 h di>.io!ut>.;t, time, complete dissolution was accomplished. IT -:c samples, each containing ~IOO g of plutonium oxide. were completely dissolved using this method.
All plutonium oxide samples were high-fired at 950 "••(. " in air for 2-3 h before dissolution. Time fr>r dissoluticr. should be determined for each sample after reviewing its ignition history. The 100-g plutonium oxide samples ustJ in this study required ~5 h to dissolve once the desired temperature was reached.
The 15M HNOj acid mixtures were more effective solvents for plutonium oxide than the bM HC1 acid mixtures because pressure and temperature were more easily maintained. 150°C is approximately 0.57 MPa (82 psi I. A dissolu tion temperature of 150°C for the heating block i>, recommended. The heating block should be made so ihc dissolution tube inserts into it just to the level of the top of the acid.
The system for dissolving up to 5 z of piutonium oxide material does not follow the Recommended Procedure (Sec. Ill) of this report. Except for the modifications, the procedure outlined in Sec. V of Los Alamos Scientific Laboratory report LA 5776 is to be followed.
V. MODIFICATIONS TO DISSOLVE 5-g PLUTO NIUM OXIDE SAMPLES
In addition to the system for dissolving 100-g samples, simpler modifications were made to the sealed-reflux dissolution system to apply the method to 5-g samples. These modifications were the use of a larger dissolution tube, more acid mixture, and a heating block with larger holes to fit the larger tubes. The original dissolution tube was modified by adding a 51-mm-o.d., 100-mm-high, thick-walled dissolution flask bottom to the tube (Fig.  10) . The acid quantities were measured to 20 mL of MM HC1, 0.5 mL of \5M HNO,, and 1 mL of I.3W HF. The pressure developed by the acid mixture in this system at VI. DISCUSSION The large sealed-reflux dissolution system can quickly dissolve large amounts of plutonium oxide samples in a closed system. The applied temperature of the system makes it possible to heat solutions to temperatures higher than their normal boiling points. The baffle in the system reduces the gas-phase temperature and effects a higher acid temperature. In case of accidental release of pressure, a reservoir flask has been added to trap any solution that may be spilled. This system proved safe under tests simulating accidental pressure release. The rubber and polyethylene stoppers deteriorate with the acid fumes and must be replaced with each sample. The Teflon stopper, which is an integral part of the baffle, can dissolution system should be used if dissolution of larger be reused. This system is safe and reliable for dissolving quantities is required. The large system is more efficient up to 100 g of high-fired plutonium oxide samples in 5 h and is safer than repeatedly dissolving smaller (5gi in a clean solution of HNO 3 -HF, while the acid fumes samples, are contained, minimizing corrosion of the containment box.
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